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AB Throughout the 1970s, controversy centered both on immunoassay 
"sensitivity" per se and on the relative sensitivities of labeled 
antibody (Ab) and labeled analyte methods. Our theoretical studies 
revealed that RIA sensitivities could be surpassed only by the use of 
very high-specificity nonisotopic labels in "noncompetitive" designs, 
preferably with monoclonal antibodies. The time-resolved fluorescence 
methodology known as DELFIA—developed in collaboration with 
LKB/Wallac~represented the first commercial "ultrasensitive" 
nonisotopic technique based on these theoretical insights, the same 
concepts being subsequently adopted in comparable methodologies 
relying on the use of chemiluminescent and enzyme labels. However, 
high-specific-activity labels also permit the development of 
"multianalyte" immunoassay systems combining ultrasensitivity with 
the simultaneous measurement of tens, hundreds, or thousands of 
analytes in a small biological sample. This possibility relies on 
simple, albeit hitherto-unexploited, physicochemical concepts. The 
first is that all immunoassays rely on the measurement of Ab 
occupancy by analyte. The second is that, provided the Ab 
concentration used is "vanishingly small," fractional Ab occupancy is 
independent of both Ab concentration and sample volume. This leads to 
the notion of "ratiometric" immunoassay, involving measurement of the 
ratio of signals (e.g., fluorescent signals) emitted by two labeled 
Abs, the first (a "sensor" Ab) deposited as a microspot on a solid 
support, the second (a "developing" Ab) directed against either 
occupied or unoccupied binding sites of the sensor Ab. Our 
preliminary studies of this approach have relied on a dual-channel 
scanning-laser confocal microscope, permitting microspots of area 100 
microns 2 or less to be analyzed, and implying that an array of 10(6) 
Ab-containing microspots, each directed against a different analyte, 
could, in principle, be accommodated on an area of 1 cm2. Although 



measurement of such analyte numbers is unlikely ever to be required, 
the ability to analyze biological fluids for a wide spectrum of 
analystes is likely to transform immunodiagnostics in the next 
decade. 
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AB Immunoassays rely on the molecular recognition properties possessed 
by antibodies to measure substances defined by a particular 
structure. They can therefore be defined as "structurally specific", 
as distinct from "functionally specific" assays, e.g. bioassays, 
which compare the biological effects of substances which are 
functionally similar, but which may differ in molecular structure. 
Within the broad class of "immunoassays", two subclasses may be 
distinguished, differing in their design. These may be described as 
"competitive" and "non-competitive", respectively, reflecting their 
dependence on the use of optimal concentrations of antibody which are 
either very small or very large. It is demonstrable that 
"non-competitive" assays are those relying on measurement of occupied 
antibody binding sites following reaction with analyte; conversely 
"competitive" assays rely on measurement of unoccupied sites. In 
certain assay designs, it may be shown that fractional antibody 
binding site occupancy is independent of (a) antibody concentration, 
and (b) sample volume. Such assays may be termed "ambient analyte 
immunoassays". This concept has been exploited in the development of 
free hormone and drug assays, and currently underlines the 
development of salivary "dip-stick" assays in the Author's 
Department. The concept is also being exploited in the development of 
"multi-analyte" immunoassay systems, enabling the simultaneous 
measurement of tens or even hundreds of substances simultaneously in 
the same small sample. These systems depend on measurement of 
fractional antibody occupancy using two different labels: one 
labeling the "sensing" antibody, the second labeling a "developing 




antibody", selected to react either with occupied or unoccupied sites 
on the "sensing" antibody. The ratio of signals emitted by the two 
labeled antibodies reveals the analyte concentration to which the 
sensing antibody has been exposed. An array of sensing antibodies, 
each labeled with the same fluorescent label, is scanned (by a 
laser), and the fluorescent signal ratio emitted from each discrete 
antibody couplet in the array measured. Multi-analyte immunoassay 
systems of this kind are likely to totally transform medical 
diagnosis in the foreseeable future and are also likely to be of 
value in the analysis of complex protein mixtures deriving from 
recombinant DNA technologies. 
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AB A review with 14 refs. Advantages of high sensitivity 

multi-microspot multianalyte immunoassay systems are discussed. 
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AB A review, with 226 refs., on the detn. of free hormones in blood and 
the bioL significance of such unbound hormones. 
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AB The sensitivities of immunoassays relying on conventional 

radioisotopic labels, i.e., RIA (RIA) and immunoradiometric assay 
(IRMA), permit the measurement of analyte concns. .gtorsim.107 
mols./mL. This limitation primarily derives, in the case of 
competitive or limited reagent assays, from the manipulation errors 
arising in the system combined with the physicochem. characteristics 
of the particular antibody used; however, in the case of 
noncompetitive systems, the specific activity of the label may play 
a more important constraining role. It is theor. demonstrable that 
the development of assay techniques yielding detection limits 
significantly <107 mols./mL depends on the following: (1) the 
adoption of noncompetitive assays designs; (2) the use of labels of 
higher specific activity than radioisotopes; and (3) highly 
efficient discrimination between the products of the Immunol, 
reactions involved. Chemiluminescent and fluorescent substances are 
capable of yielding higher specific activities than commonly used 
radioisotopes when used as direct reagent labels in this context, 
and both thus provide a basis for the development of ultrasensitive, 
noncompetitive, immunoassay methodologies. Enzymes catalyzing 
chemiluminescent reactions or yielding fluorescent reaction products 



can likewise be used as labels yielding high effective specific 
activities and hence enhanced assay sensitivities. A particular 
advantage of fluorescent labels (albeit one not necessarily confined 
to them) lies in the possibility they offer of revealing Immunol . 
reactions localized in microspots distributed on an inert solid 
support. This opens the way to the development of an entirely new 
generation of ambient analyte microspot immunoassays permitting the 
simultaneous measurement of tens or even hundreds of different 
analytes in the same small sample, using (for example) laser 
scanning techniques. Early experience suggests that microspot assays 
with sensitivities surpassing that of isotopically based 
methodologies can readily be developed. 
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AB A method for detg. the ambient concns. of a plurality of analytes in 
a liq. sample of vol. V L, comprises loading different binding 
agents, each being capable of reversibly binding an analyte which is 
or may be present in the liq. sample and is specific for that 
analyte as compared to the other components of the liq. sample, onto 
a support at spaced-apart locations such that each location has 
.ltoreq.0.1, preferably .ltoreq.0.01 V/K, moles of a single binding 
agent, where K L/mol is the equil. const, of the binding agent for 
the analyte; contacting the loaded support with the liq. sample to 
be analyzed, such that each of the spaced-apart locations is 
contacted in the same operation with the liq. sample, the amt. of 
liq. used in the sample being such that only an insignificant 
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AB A review with 43 refs. on improvements in sensitivity of immunoassay 
techniques. 
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AB A method for measuring the concn. of a free ligand (such as thyroid 
hormones and other hormones) in a biol. fluid contg. the free ligand 
and ligand bound to an endogenous binding agent is devised by (1) 
mixing a fluid sample with an analog of the ligand, a specific 
binder with which the free ligand and analog bind, and an exogenous 
binding agent which binds only the analog, with either the ligand or 
the specific binder being labeled; (2) incubating the resulting 
mixt. so that the ligand and analog compete for the specific binder; 
(3) detg. either the amt. of the labeled analog bound to the 
specific binder or the exogenous binding agent or the amt. of 
labeled specific binder bound, or not bound, to the ligand analog; 
and (4) correlating the detd. amt. to the amt. of free ligand 
present in the sample. Thus, an analog of T4 [51-48-9] suitable for 
the immunoassay of free T4 was prepd., and an antibody against this 
analog was produced. The analog was then radiolabeled with 1251. A 
specific antibody against T4 with an equal affinity for the T4 
analog was coupled to solid particles. A mixt. was prepd. of 0.5 mL 
of a suspension of the solid-phase antibody reagent, 0.5 mL of the 
[125I]T4 analog (2 nM), and 100 .rnu.L of normal human serum. The 



proportion of any analyte present in the liq. sample becomes bound 
to the binding agent specific for it, and measuring a parameter 
representative of the fractional occupancy by the analytes of the 
binding agents at the spaced apart locations by a competitive or 
noncompetitive assay technique using a site-recognition reagent for 
each binding agent capable of recognizing either the unfilled 
binding sites or the filled binding sites on the binding agent, said 
site-recognition reagent being labeled with a marker enabling the 
amt. of said reagent in the particular location to be measured. A 
device and kit for use in the method are also provided, A microliter 
plate was prepd. contg. spots of Texas Red-labeled antibodies to 
thyroxine, TSH, and triiodothyronine in each of the wells. The plate 
was used to measure thyroxine, TSH, and triiodothyronine levels in 
serum from human patients. The developing antibody for the TSH assay 
was a 2nd antibody labeled with FITC. The site recognition reagents 
for the other 2 assays were thyroxine and triiodothyronine coupled 
to poly-lysine and labeled with FITC. The results correlated well 
with those obtained by other methods. 
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AB A review with 21 refs. Functionally specific and structurally 
specific assays; current developments in immunoassay methodol.; 
time-resolved fluorescence immunoassay; in vitro techniques of 
monoclonal antibody prodn.; ambient analyte immunoassay; and 
multi-analyte, radiometric immunoassays are described. 
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extent of binding of the [125I]T4 analog to the specific binding 
reagent was correlated with the free T4 concn. A sample contg. 20 pM 
free T4 and 3 nM oleic acid [112-80-1] would be interpreted as 
contg. 10.6 pM free T4, a bias of 47%. When the binding agent for 
the analog was added, a sample contg. 20 pg free T4/mL and 1 mM 
oleic acid would be interpreted as contg. 17 pg free T4/mL, a neg. 
bias of only 15%. 
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AB Methods are described for detn. of biol. active substances such as 
drugs, viruses, and esp. hormones in body fluids without the need of 
measuring accurately the vol. of the sample. This method is 
potentially useful for designing a concn. -measuring device for 



insertion into a body fluid of a living creature for in situ 
measurement. For example, antibody against hydrocortisone (I) was 
coupled to a solid support and was used to detn. I in std. solns. by 
RIA with 1251-labeled I. Results were satisfactory. 

L2 ANSWER 57 OF 144 COPYRIGHT 1993 ACS 
AN CA100(19):151147n 

TI Interpretation of labeled-analog free hormone assay 

AU Ekins, Roger; Edwards, Philip; Jackson, Tom; Geiseler, Dietrich 

CS Med. Sch., Middlesex Hosp. 

LO London WIN 8AA, UK 

SO Clin. Chem. (Winston-Salem, N. C), 30(3), 491-3 
SC 2-1 (Mammalian Hormones) 
DT J 

CO CLCHAU 
IS 0009-9147 
PY 1984 
LA Eng 

AB Detns. of free thyroxine [51-48-9] by the Amerlex kit method are 
influenced by individual variations in serum levels of proteins that 
bind the labeled analog used in this test, as well as by variable 
concns. of substances that alter this binding. Thus, the binding of 
analog by antibody is not unaffected by serum constituents, and this 
system cannot be considered a generally valid indication of free 
hormone levels. 
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AB Immunol, methods are described for the direct detn. of free ligands 
(e.g. hormones, drugs, etc.) in samples (where the ligand is also 



found sequestered to endogenous receptors) which simplify reagent 
prepn. and where the test receptor is directly or indirectly 
labeled. The method consists of combining the sample, labeled ligand 
receptor (antibody or protein A from Staphylococcus aureus labeled 
with 1251), and unlabeled differential binding ligand analog, 
incubating to permit the free ligand and unlabeled ligand analog to 
compete for the ligand receptor, sepg. the insol. ligand analog, 
detg. the amt. of ligand receptor bound to the ligand or ligand 
analog, and correlating the amt. of bound ligand receptor to the 
amt. of free ligand present in the sample. Thus, the method was used 
for the deta. of T4 in human serum following prepn. of 1251-labeled 
anti-T4 antibodies purified by affinity chromatog. and of 
Sepharose-bound T4-disuccinimidyl-bovine serum albumin (BSA) 
conjugate or of T4-disuccinimidyl-BSA conjugate coated on 
polypropylene test tubes. 
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AB A review with 27 refs. esp. on the recent development of the 
time-resolved fluorescence immunoassay which is comparable to the 
radioimmunoassay in sensitivity. 
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